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(54) Precision two dimensional optical fiber array 



(57) A precise fiber array is formed using a chuck 
(1 01 ) to tightly hold as an array with hexagonal packing 
(103) a group of precision ferrules (105) into ones of 
which is inserted and bonded a fiber end (111). The 
bonding is typically performed by gluing the fiber into the 
ferrule. The ferrules may also be bonded to each other. 
Once the ferrules are bonded together, the chuck (1 01 ) 
may be removed. The terminating end of the fibers may 



be polished. Alternatively, cleaved terminating fiber 
ends may be employed, with the various terminating 
ends being coordinated, e.g., by an optical flat. The fer- 
rules may have a tip and a conical entrance. The chuck 
may hold the ferrules in a straight orientation. The fiber 
terminating faces of all of the ferrules may be substan- 
tially cop Ian ar. The ferrules may be arranged in a hex- 
agonal configuration (103). 
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1 epi: 

Description 
Technical Ft Id 

[0001 ] This invention relates to the art of optical fiber 
arrays, and to methods for making same. 

Background of the Invention 

[0002] It is often desirable to have very precise two- 
dimensional arrays of optical fibers e.g., for use with an 
all optical switch. In particular, for single-mode optical 
fiber as is typically used in optical communications net- 
works, such fiber often having a core with a diameter of 
6-9 microns and a cladding with a diameter of 125 mi- 
crons, positional tolerances of less than 2 microns from 
true position and angular tolerances of less than 0.5 de- 
grees are required for each fiber in the fiber arrays. In 
the prior art, fiber arrays were made by fabricating a 
plate into which holes are made, and an individual fiber 
end is inserted into each hole. The plates may be made 
from a variety of materials, with silicon or a ceramic be- 
ing preferred when a very precise array is required. The 
holes may be made by etching or drilling into the plate, 
using either mechanical techniques or through the use 
of a laser. The individual fiber ends are locked into place, 
e.g., with asmall amount of glue. After that, the remain- 
ing fiber stubs protruding from the front of the plate are 
cut off, and the resulting ends are polished flat. 
[0003] Unfortunately, the plates that can be made are 
usually rather thin, due to limitations in the technology 
for the plates and their holes. Such a thin plate is able 
to provide only a rather short guide and hold for each 
fiber so that, disadvantageous^, the mechanical prop- 
erties of the resulting fiber array is less than desirable. 
Further disadvantageous^, the plates have to be cus- 
tom-made, which usually requires special tools and ex- 
pertise—Assembly of the array also requires special 
skills and precise fixtures. The polishing step at the end 
of the assembly is not trivial, and it is very time-consum- 
ing. 

[0004] Also, in the prior art, fibers have been grouped 
in bundles for various purposes, e.g., by tying the fibers 
together or by grouping the fibers inside of a sleeve, e. 
g., in a fiber cable. However, such groupings do not pro- 
vide precise alignment and spacing of the fibers at the 
exit from the bundle. Also, the maximum spacing is lim- 
ited to the diameter of the individual fibers. 
[0005] In "High-Density Digital Free-Space Photonic- 
Switching Fabrics Using Excrton Absorption Reflection- 
Switch (EARS) Arrays and Microbe am Optical Intercon- 
nections" by Masayasu Yamaguchi, Tsuyoshi Yamamo- 
to, Katsuhiko Hirabayashi, Shinji Matsuo, and Kunio 
Kobayu published in the IEEE Journal of Selected Top- 
ics in Quantum Electronics, Vol. 2, No. 1, April 1996, 
describes a 2-D fiber array consisting of stacked micro- 
glass f rrules arranged with a square packing using zir- 
conia plates and brass frames. Disadvantageous^, the 
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fiber positional reproducibility achievable, i. .,th aver- 
age displacement of the fib r centers from the desired 
grid points, is ±3.1 |im, and the fiber misorientation is 4 
degrees on average. Such a fiber array does not m et 

5 th stringent requirem nts of current MEMS-based op- 
tical switches, such as the Lambda Router from Lucent 
Technologies, which requires that the fiber positional re- 
producibility be no more than ±2 urn and that the angular 
misorientation be no greater than 0.5 degrees on aver- 

io age. 

[0006] There is a children's project in the prior art that 
involves hollow cylindrical beads which may be hexag- 
onally arranged using a form that has protruding pins, 
one pin for each bead. The beads are held together by 

15 first ironing the side of the beads opposite to the form, 
then removing the beads from the form and ironing the 
side of the beads that had been adjacent to the form. 
Such beads are not precisely spaced, or aligned and 
they become deformed when they are ironed. This chil- 

20 dren's project is unrelated to optical fiber in any way. 

Summary of the Invention 

[0007] We have recognized that, in accordance with 
25 the principles of the invention, a precise fiber array may 
be formed by employing a precise array of ferrules ar- 
ranged with a hexagonal packing structure into ones of 
which is inserted and bonded, e.g., glued, a fiber end. 
We have further recognized that the target array, e.g., 
30 the array of micro mirrors on a corresponding MEMS 
device such as is employed in the Lucent Lambda Rout- 
er, or other detectors or source arrays, will have to be 
configured to be hexagonal so as to correspond to the 
hexagonal fiber array. In one embodiment of the inven- 
ts tion, a chuck is employed, at least initially, to tightly hold 
as an array a group of precision ferrules. Thereafter, a 
fiber end is inserted and bonded into ones of the fer- 
rules. The ferrules may also be bonded to each other. If 
so, once the ferrules are bonded together, the chuck 
40 may be removed. Advantageously, such arrays of opti- 
cal fibers may be manufactured to very high tolerances 
so as to be useful in positioning fiber arrays for all-optical 
switching. More specifically, the fiber positional repro- 
ducibility, i.e., the average displacement of the fiber 
45 centers from the desired grid points is no more than ±2 
pm and the angular misorientation is no greater than 0.5 
degrees on average. 

[0008] The terminating end of the fibers may be pol- 
ished. Alternatively, previously cleaved terminating fiber 

so ends may be employed, with the various terminating 
ends being coordinated, e.g., by an optical flat or other 
surface which is placed at, or adjacent to, the fiber ter- 
minating end of the ferrule array. 
[0009] The ferrules employed may be conventional 

55 off-the-shelf ceramic ferrules which have low cost. Such 
ferrulesar manufactur dt very tight tolerances. Mor 
specifically, it is w II establish d that the precision fer- 
ru les a) can b manufactured substantially uniformly, so 
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as to hav only a v ry small error in their diameter from 
the prescribed nominal ferrule diameter; b) have only a 
very small error, from the prescribed nominal diameter, 
in the diameter of the hole which runs through the ferrule 
and is substantially precisely in th center of the ferrule, 
and c) are longer than the thickness of the prior art face 
plates so that mechanical support superior to that 
achieved using such prior art faceplate arrangements is 
achieved. Advantageously, the precision fiber arrays of 
the invention scale well so that precision fiber arrays 
with a large number of fibers and which meet the strict 
Lambda Router quality requirements can be inexpen- 
sively manufactured. 

[001 0] In one embodiment of the invention the ferrules 
have one end which is at least somewhat pointed, i.e., 
a tip, and a conical entrance to the hole at the end op- 
posite to the pointed end. Advantageously, such an em- 
bodiment allows for easy insertion of the fiber end via 
the conical entrance and the pointed tip reduces the 
amount of polishing of the fiber end that needs to be 
done. 

[001 1 ] In accordance with an aspect of the invention, 
the chuck may be fabricated so that it holds the ferrules 
in a straight orientation or so that it holds the ferrules in 
an angled orientation. An angled orientation provides 
the advantage of reducing back reflection in the fiber. It 
is often desirable to ensure that the fiber terminating fac- 
es of all of the ferrules are substantially coplanar. 

Brief Description of the Drawing 

[0012] In the drawing: 

FIG. 1 shows a side view of a precise fiber array 
formed by employing a chuck to tightly hold as an 
array a group of precision ferrules into each of which 
is inserted and bonded a fiber, in accordance with 
the principles of the invention; 
FIG. 2 shows a front view of the precise fiber array 
of FIG. 1; 

FIG. 3 shows a cross-sectional view of the precise 

fiber array along axis AA of FIG. 2; 

FIG. 4 shows one view of a typical prior art ferrule 

with a fiber end inserted therein; 

FIG. 5 shows another view of the typical prior art 

ferrule of FIG. 4 with one end of a fiber inserted 

therein; 

FIG. 6 shows a cross-sectional view along axis BB 
of the typical prior art ferrule of FIG. 4 with one end 
of a fiber inserted therein; 
FIG. 7 shows a front view of another embodiment 
of a precise fiber array formed by employing a chuck 
to tightly hold as an array a group of precision fer- 
rules into each of which is inserted and bonded a 
fiber end, and in accordance with the principles of 
th inv ntion; 

FIG. 8 shows a front view of anoth r embodim nt 
of a precise fiber array formed by mploying a chuck 



to tightly hold as an array a group of precision f r- 
rules into each of which is inserted and bonded an 
end of a fiber, in accordance with the principles of 
the invention; 

5 FIG. 9 shows anoth r view of the embodiment of 
the invention shown in FIG. 8; 
FIG. 1 0 shows a front view of another embodiment 
of a precise fiber array formed by employing a chuck 
to tightly hold as an array a group of precision fer- 
rules into each of which is inserted and bonded an 
end of a fiber, in accordance with the principles of 
the invention; 

FIG. 11 shows a cross-sectional view of the embod- 
iment of the invention shown in FIG. 10 along axis 
C-C of FIG. 10; 

FIG. 12 shows a front view of an asymmetric em- 
bodiment of a precise fiber array formed by employ- 
ing a chuck to tightly hold as an array a group of 
precision ferrules into each of which is inserted and 
bonded a fiber, in accordance with the principles of 
the invention; and 

FIG. 13 shows alignment members extending to 
mate with alignment holes in precise fiber array in 
accordance with an aspect of the invention. 

Detailed Description 

[0013] The following merely illustrates the principles 
of the invention, ft will thus be appreciated that those 
skilled in the art will be able to devise various arrange- 
ments which, although not explicitly described or shown 
herein, embody the principles of the invention and are 
included within its spirit and scope. Furthermore, all ex- 
amples and conditional language recited herein are 
principally intended expressly to be only for pedagogical 
purposes to aid the reader in understanding the princi- 
ples of the invention and the concepts contributed by 
the inventors) to furthering the art, and are to be con- 
strued as being without limitation to such specifically re- 
cited examples and conditions. Moreover, all state- 
ments herein reciting principles, aspects, and embodi- 
ments of the invention, as well as specific examples 
thereof, are intended to encompass both structural and 
functional equivalents thereof. Additionally, it is intended 
that such equivalents include both currently known 
equivalents as well as equivalents developed in the fu- 
ture, i.e., any elements developed that perform the 
same function, regardless of structure. 
[0014] In the claims hereof any element expressed as 
a means for performing a specified function is intended 
to encompass any way of performing that function. The 
invention as defined by such claims resides in the fact 
that the functionalities provided by the various recited 
means are combined and brought together in the man- 
ner which the claims call for. Applicant thus regards any 
means which can provide thos functionalities as qufv- 
al nt as thos shown h r in. 

[0015] Unless otherwise explicitly specified herein, 
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the drawings are not drawn to scale. 
[0016] Additionally, unless otherwise explicitly speci- 
fied herein, any I ns shown and/or describ d herein is 
actually an optical system having the particular specified 
properties of that lens. Such an optical syst m may be 
implemented by a single lens element but is not neces- 
sarily limited thereto. Similarly, where a mirror is shown 
and/or described what is actually being shown and/or 
described is an optical system with the specified prop- 
erties of such a mirror, which may be implemented by a 
single mirror element but is not necessarily limited to a 
single mirror element. This is because, as is well known 
in the art, various optical systems may provide the same 
functionality of a single lens element or mirror but in a 
superior way, e.g., with less distortion. Furthermore, as 
is well known in the art, the functionality of a curved mir- 
ror may be realized via a combination of lenses and mir- 
rors and vice versa. Moreover, any arrangement of op- 
tical components that are performing a specified func- 
tion, e.g., an imaging system, gratings, coated ele- 
ments, and prisms, may be replaced by any other ar- 
rangement of optical components that perform the same 
specified function. Thus, unless otherwise explicitly 
specified here, all optical elements or systems that are 
capable of providing specific function within an overall 
embodiment disclosed herein are equivalent to one an- 
other for purposes of the present disclosure. 
[0017] The term micro-electromechanical systems 
(MEMS) device as used herein is intended to mean an 
entire MEMS device or any portion thereof. Thus, if a 
portion of a MEMS device is inoperative, or if a portion 
of a MEMS device is occluded, such a MEMS device is 
nonetheless considered to be a MEMS device for pur- 
poses of the present disclosure. 
[0018] In the description, identically numbered com- 
ponents within different ones of the FIGs. refer to the 
same components. 

[0019] FIG. 1 shows a side view of a precise fiber ar- 
ray formed by employing a chuck to tightly hold as a hex- 
agonal array a group of precision ferrules into each of 
which is inserted and bonded a fiber, in accordance with 
the principles of the invention. Note that by a "chuck" it 
is meant herein to include any device capable of holding 
the ferrules in a desired array shape with a requisite 
spacing and hexagonal packing at least at one point 
through the course of manufacture or completion of the 
array. More specifically, shown in FIG. 1 is chuck 101 
which has a hexagonal hole 1 03 into which are inserted 
precision ferrules 105. Within respective ones of holes 
1 07 are inserted respective ends of ones of optical fibers 
111. Within the face of chuck 1 01 can be seen optional 
mounting holes 109. 

[0020] Chuck 1 01 holds ferrules 1 05 in place initially 
at least through the use of pressure. One method of as- 
sembling ferrules 1 05 within chuck 1 01 is to insert most 
of f rrules 1 05 within hoi 1 03 of chuck 1 01 . Chuck 1 01 
is then heated, so that it expands suffici ntty to nable 
insertion of the rest of ferrules 1 05 within hole 1 03. The 
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rest of ferrules 105 ar th n inserted within hole 103, 
and chuck 1 01 is then allowed to cool down. Upon cool- 
ing, chuck 1 01 contracts sufficiently t xert the neces- 
sary pressure on ferrules 1 05. Not that in heating chuck 

5 101 typically ferrules 105 are also h ated and xpand 
in size. However, ferrules 1 05 are made from a material, 
e.g., ceramic, which expands less for the same change 
in temperature as does chuck 101, which is typically 
metal or plastic. Thus, it becomes possible to insert the 

10 remaining ferrules. The tolerances of the outside dimen- 
sions of the ferrules employed are very high, e.g., they 
may be on the order of one half of a micron, and the 
differences in size between hole 1 03 and the ferrule ar- 
ray is very small, e.g., less than two microns, yet the 

15 difference in size resulting from thermal expansion is 
sufficient to insert the remaining ferrules. 
[0021] After the ends of fibers 111 are inserted into 
ferrules 1 05, glue may be employed to both hold the fib- 
ers within the ferrules as well as glue the ferrules to each 

20 other and to chuck 1 01 . Furthermore, coupled to chuck 
101 is optional strain relief sleeve 113, through which 
the optical fibers 111 pass. Fibers 111 are optionally en- 
cased in glue within strain relief sleeve 113, which cou- 
ples the fibers to each other and to strain relief sleeve 

25 113. Such glue provides strain relief for fibers 111. Note 
that fibers 111 may be encased in glue and after the glue 
dries any mold used for shaping the glue may be re- 
moved. 

[0022] Optical fibers 1 1 1 are terminated at the end of 
30 holes 1 07 that are furthest from strai n relief sleeve 113. 
Optical fibers 111 are each typically arranged to termi- 
nate substantially coplanar with the end of the one of 
ferrules 1 05 through whose hole it passes. This may be 
achieved by polishing the fiber until it is coplanar with 
35 the ferrule end, i.e., polishing the fiber down to the fer- 
rule. Typically also, the end of the ferrule is polished as 
well. In practice, all the fibers are typically polished as 
part of a single manufacturing step, so they are all pol- 
ished to be coplanar with each other and the face of the 
*o chuck. 

[0023] In other embodiments of the invention, the pol- 
ishing may be performed to achieve a shape other than 
flat for the face of the fiber array. 
[0024] Alternatively, each of optical fibers 111 are ar- 
45 ranged to terminate substantially coplanar with the end 
of the one of ferrules 105 by inserting a cleaved fiber 
end into the ferrule hole and employing an optical flat at 
the fiber terminating end to line up the fiber end and the 
ferrule end. 

so [0025] Unlike when polishing is used, when cleaved 
fibers are used, it is necessary to protect the cleaved 
fiber ends from the mass of glue that is used to couple 
the fibers to each other and to optional strain relief 
sleeve 1 1 3. To this end, when the fibers are lined up by 

55 the optical flat, only a very small drop of glue is used to 
hold the fibers in place, the glu being placed somewhat 
away from th fib r*s cleaved nd when the fiber is in- 
s rt d into the ferrul . Once all the fibers ar initially 
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glued in position, a soluble protectiv layer is applied 
from the front to protect the fibers. Ther after, the glue 
is applied from the back to coupl th fib rs to each oth- 
er and to optional strain relief sleeve 113. After the glue 
dries, the solubl protective lay risdissolv d using an 
appropriate solvent. 

[0026] Use of cleaved fibers does permit arrange- 
ments where the fiber sticks out somewhat beyond the 
face of the ferrule. Thus, if a shape other than flat is de- 
sired, the inverse of the desired shape may be used in 
lieu of the optical flat. Furthermore, whether polishing or 
a surface-lining-up technique is employed, it is possible 
to arrange the front surface profile of the ferrules, e.g., 
by using a removable three-dimensional profile, so that 
when the ferrules are held by chuck 101 they maintain 
the shape of the profile. 

[0027] Reinforcing sleeve 113 may be a separate 
component coupled to chuck 1 01 , e.g. , by gluing or oth- 
er mechanical coupling, or reinforcing sleeve 113 may 
be integrated with chuck 101 to form a single unit. The 
advantage of reinforcing sleeve 113 being separate 
from chuck 101 is that it enables chuck 101 to have a 
thickness on the order of the length of ferrules 105, 
which enables easy access to the back of ferrules 1 05 
to facilitate insertion of the ends of fibers 111 into holes 
107 during manufacturing. 

[0028] Optional mounting holes 1 09 may be used for 
various purposes such as 1) to mount the fiber array to 
a housing, 2) to hold the fiber array during polishing, or 
3) to attach reinforcing sleeve 113 to chuck 101 . 
[0029] Advantageously, such arrays of optical fibers 
may be manufactured to very high tolerances so as to 
be useful in positioning fiber arrays for all-optical switch- 
ing. More specifically, the fiber positional reproducibility, 
i.e., the average displacement of the fiber centers from 
the desired grid points is no more than ±2 urn and the 
angular misorientation is no greater than 0.5 degrees 
on average. 

[0030] Note that the target array, e.g., the array of mi- 
cro mirrors on a corresponding MEMS device such as 
is employed in the Lucent Lambda Router, or other de- 
tectors or source arrays, will have to be configured to 
be hexagonal so as to correspond to the hexagonal fiber 
array. 

[0031] FIG. 2 shows a front view of the precise fiber 
array of FIG. 1 . Due to the nature of the view, optical 
fibers 111 cannot be seen in FIG. 2. The face of the pre- 
cise fiber array in FIG. 2 is flat, either through the use 
of polishing or an optical flat. 

[0032] FIG. 3 shows a cross-sectional view of the pre- 
cise fiber array along axis AA of FIG. 2. The ends of 
fibers 111 can be seen in FIG. 3 within holes 107. Note 
that FIG. 3 shows nine (9) holes and nine (9) fibers 111. 
Optional conical entrances 1 1 5 are shown for holes 1 07. 
[0033] FIG. 4 shows one view of a typical prior art ce- 
ramic f rrul 105 with on end of on of fib rs 111 in- 
serted therein . F rrul 1 05 is oriented in FIG. 4 so that 
the end of the one of fibers 111 terminated in ferrule 1 05 



canbese n at conical tip 421 . Note that th tips n ed 
not necessarily be conical, although it may be advanta- 
geous for them to b conical. 

[0034] FIG. 5 shows another view of the typical prior 

5 art ferrule 1 05 of FIG. 4 with on nd of one of fib rs 
111 inserted therein. The ferrule is oriented in FIG. 4 so 
that conical entrance 523 of hole 1 07 can be discerned. 
[0035] FIG. 6 shows a cross-sectional view along axis 
BB of the typical prior art ferrule 105 of FIG. 4 with an 

10 end of one of fibers 111 inserted therein. Conical tip 421 
and conical entrance 523 can be seen in cross-section. 
Additionally, glue 625 is shown. 
[0036] FIG. 7 shows a front view of another embodi- 
ment of a precise fiber array formed by employing a 

is chuck to tightly hold as an array a group of precision 
ferrules 105 into each of which is inserted and bonded 
a fiber end of one of fibers 111 , and in accordance with 
the principles of the invention. The precise fiber array of 
FIG. 7 is identical to that shown in FIG. 2 except for the 

20 substitution of chuck 701 for chuck 101. Chuck 701 is 
fabricated to incorporate within it flexible beams 731 
which act as springs. Hole 1 03 is cut to be just slightly 
smaller than the array of ferrules 1 05. Inserting the fer- 
rules forces the springs to displace slightly, causing ex- 

25 pansion of hole 1 03. As a result, the springs exert a con- 
stant restorative force against the ferrules holding them 
securely together with the desired precise spacing and 
alignment. 

[0037] In some embodiments of the invention, the re- 
30 storative force is on the order of 20 pounds. However, 
the restorative force necessary will need to be deter- 
mined by the implementer given the specific design and 
materials used. Those of ordinary skill in the art will be 
able to readily determine the appropriate amount of 
35 force. 

[0038] The flexible beams may be made by employing 
electric discharge milling (EDM) to cut slots 733 through 
chuck 701. 

[0039] Optionally, to improve performance of the ar- 

40 ray, a thin sheet of elastic material, e.g. , a plastic or pol- 
yester such as Mylar®, which is a trademark of DuPont, 
or a poryimide, may be inserted between the walls mak- 
ing up hole 103 and the ones of ferrules 105 that abut 
the walls of hole 1 03. Doing so helps to even out any 

45 irregularities in the walls making up hole 103. 

[0040] FIG. 8 shows a front view of another embodi- 
ment of a precise fiber array formed by employing a 
chuck to tightly hold as an array a group of precision 
ferrules into each of which is inserted and bonded an 

so end of a fiber of fibers 1 1 1 , in accordance with the prin- 
ciples of the invention. The precise fiber array of FIG. 8 
is identical to that shown in FIG. 2 except for the substi- 
tution of chuck 801 for chuck 101 and the addition of 
clamping ring 841 around chuck 801. Slots 843 are cut 

55 in chuck 801 . However, slots 843 do not go all the way 
through, so that at th bottom of chuck 801 , which can't 
be seen in FIG. 8 but can b s n in FIG. 9, acompl t 
ring of metal remains. Thus chuck 801 app arstob six 
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flexible walls extending upward from a solid ring. Each 
of the flexible walls acts as a spring. Hole 1 03 is cut to 
bethesam size as th array off miles 1 05. Clamping 
ring 841 is employed to apply pressure on the flexible 
walls of chuck 801 so as to keep the ferrule array in s 
place. 

[0041] Again, optionally, to improve performance of 
the array, a thin sheet of elastic material, e.g., a plastic 
or polyester such as Mylar®, which is a trademark of 
DuPont, or a polyimide, may be inserted between the 10 
walls making up hole 103 and the ones of ferrules 105 
that abut the walls of hole 103. Doing so helps to even 
out any irregularities in the walls making up hole 103. 
[0042] FIG. 1 0 shows a front view of another embod- 
iment of a precise fiber array formed by employing a « 
chuck to tightly hold as an array a group of precision 
ferrules into each of which is inserted and bonded an 
end of a fiber of fibers 1 11 , in accordance with the prin- 
ciples of the invention. The precise fiber array of FIG. 
10 is identical to that shown in FIG. 7 except that the 20 
walls of hole 1 03 are cut at an angle, in accordance with 
an aspect of the invention. The result of cutting of the 
walls at an angle can be seen in the cross-sectional view 
along axis C-C of FIG. 10 which is shown in FIG. 11. 
Since the walls are cut at an angle, all of ferrules 1 05, 25 
when placed within chuck 1 001 , are at the same angle, 
as are fibers 111 when they are inserted within ferrules 
1 05. Once the face of the array is polished, the faces of 
the ends of fibers 111 are each oriented with the same 
angle. Advantageously, back reflection, i.e., the reflec- 30 
tion of light at the end of the fiber back through the fiber 
due to a difference of the reflective index between the 
fiber and the material at its end, in each of fibers 111 is 
reduced. 

[0043] Yet again, optionally, to improve performance 35 
of the array, a thin sheet of elastic material, e.g., a plastic 
or polyester such as Mylar®, which is a trademark of 
DuPont, or a polyimide, may be inserted between the 
walls making up hole 1 03 and the ones of ferrules 1 05 
that abut the walls of hole 103. Doing so helps to even 40 
out any irregularities in the walls making up hole 103. 
[0044] FIG. 1 2 shows a front view of another embod- 
iment of a precise fiber array formed by employing a 
chuck to tightly hold as an array a group of precision 
ferrules 1 05 into each of which is inserted and bonded 45 
a fiber, in accordance with the principles of the invention. 
The precise fiber array of FIG. 12 is identical to that 
shown in FIG. 7 except for the substitution of chuck 1 201 
for chuck 701 . Chuck 1201 is of the same basic design 
as chuck 701 , in that it is fabricated to incorporate within 50 
It flexible beams 731 which act as springs. However, 
chuck 1201 is asymmetrical in that the springs are 
formed only on one side. Furthermore, the wall thick- 
ness of chuck 1201 is not even all around. 
[0045] Hole 1 03 is cut to be just slightly smaller than ss 
the array of f miles 105. Ins rting the f miles forces 
the springs to displace slightly, causing xpansion of 
hole 103. As a result, the springs exert a constant re- 



storativ force against the ferrules holding them secure- 
ly together. The reduced number of springs, as com- 
pared with chuck 701 , is still quit sufficient to adequate- 
ly and precisely hold ferrules 105 in place. The advan- 
tage of using such an asymmetrical design is that one 
side can be made narrower than the other, so that it can 
be cleared by an optical beam that would otherwise 
have been intercepted by the additional chuck material. 
[0046] As with the embodiment of FIG. 7 optionally, to 
improve performance of the array, a thin sheet of elastic 
material, e.g., a plastic or polyester such as Mylar®, 
which is a trademark of DuPont, or a polyimide, may be 
inserted between the walls making up hole 1 03 and the 
ones of ferrules 1 05 that abut the walls of hole 1 03. Do- 
ing so helps to even out any irregularities in the walls 
making up hole 103. 

[0047] In lieu of containing optical fibers, some of fer- 
rules 105 could be dedicated to containing alignment 
members, which may be pins, fibers, wires, or the like, 
which are used to align a further component or array, e. 
g., a lens array, an array of detectors, an array of micro 
machines, or the like, with the fiber array. To this end, 
each alignment member must protrude from the face of 
the array so that it may be extended into a correspond- 
ing hole in the further array. A cross section of such an 
alignment arrangement is shown in FIG. 13, which 
shows alignment members 1353 extending to mate with 
alignment holes 1355 of further array 1357. 
[0048] Similarly, one or more of ferrules 1 05 need not 
contain any fibers. Such ferrules may be employed to 
receive some type of alignment member to align a fur- 
ther component or array. Furthermore, ferrules need not 
be round, and they may have more than one hole. 
[0049] Although the chuck has been shown to be 
round in most of the embodiments, this need not be so. 
Any other shape desired may be used for the chuck. Fur- 
thermore, although the interior hole of the chuck has 
been shown to be hexagonal, those of ordinary skill in 
the art will readily appreciate that any other shape de- 
sired may be employed as well, so long as the hexago- 
nal packing of the ferrules is maintained. 
[0050] Those of ordinary skill in the art will readily ap- 
preciate that spring designs other than those explicitly 
depicted herein may be employed by applying the prin- 
ciples of the invention. 

[0051] Note that although chuck has been shown re- 
maining as part of the final array, even when the ferrules 
are bonded to each other through the use of glue. How- 
ever, if the ferrules are bonded together, thereafter the 
chuck may be removed. 



Claims 

1 . An apparatus, comprising: 

a plurality of precision ferrules tightly h Id t - 
g ether to form an array with hexagonal packing, 
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ach of said ferrules having at least one hole 
therethrough; and 

at least two optical fiber ends being bonded 
within the holes of respective ones of said fer- 
rules. 

2. The invention as defined in claim 1 wherein said 
precision ferrules are held together by at least one 
means from the group consisting of glue nd a chuck. 

3. The invention as defined in claim 1 wherein said 
holes of said ferrules are arranged to have at least 
one property from the set of properties consisting of: 

a) an average deviation from the correct posi- 
tions of less than 3 urn; 

b) a collective displacement of less than 3 ujti; 
and 

c) an average angular displacement (Disorien- 
tation of 3.9 or less degrees. 

4. The invention as defined in claim 1 wherein said fer- 
rules are arranged to be in one arrangement of the 
set of arrangements consisting of: 

said ferrules are perpendicular to a face of said 
chuck; and 

said ferrules are arranged at an angle to a face 
of said chuck. 

5. The invention as defined in claim 1 wherein at least 
one of said ferrules has an end with a conical tip. 

6. The invention as defined in claim 1 wherein at least 
one hole of said ferrules has at least one conical 
entrance. 

7. The invention as defined in claim 1 wherein each of 
a subset of at least two of said fibers has a termi- 
nating end that is flush with one end of the one of 
said ferrules into which said fiber is inserted, and 
said terminating end of all of fibers said subset be- 
ing coplanar. ' 

8. The invention as defined in claim 7 wherein at least 
one of said fibers has a terminating end that not is 
coplanar with said terminating ends of said subset 
of said fibers. 

9. The invention as described in claim 2 further com- 
prising a layer of a non-rigid material interposed be- 
tween said chuck and said ferrules that abut said 
chuck, said material being non-rigid with respect to 
said chuck and said ferrules. 

10. Th inv ntion as defined in claim 2 furth r compris- 
ing a reinf rcing sleev which is coupled t or inte- 
grated with said chuck. 



1 1 . The invention as defined in claim 1 whrein a face of 
said apparatus at which said ends of said fibers pro- 
trudes is polished. 

5 12. The invention as defined in claim 1 wh rein said fib- 
ers are cleaved fibers. 

13. The invention as defined in claim 1 wherein said 
chuck hs mounting holes within it which are adapted 

10 for mounting said apparatus to a further device to 
which said apparatus is coupled. 

14. A method for making a precision fiber array, the 
method comprising the steps of: 

15 

securing a plurality of precision ferrules ar- 
ranged with hexagonal packing in a chuck, 
each of said ferrules having at least one hole 
therethrough; 

20 inserting a respective optical fiber end into the 

hold of each of a plurality of said ferrules; and 
bonding each of said optical fiber ends to its re- 
spective one of said plurality of ferrules. 

25 15. The invention as defined in claim 1 wherein said ap- 
paratus is arranged so that said optical fiber ends 
are pointing in the same direction. 

16. The invention as defined in claim 1 further compris- 
30 ing at least one additional ferrule having at least one 

hole therethrough, wherein said hole of said at least 
one additional ferrule does not have an optical fiber 
end bonded therein, said hole of said ferrule that 
does not have an optical fiber end bonded therein 
35 being adapted to align said apparatus to a further 
device to which said apparatus is coupled. 

17. The invention as defined in claim 1 further compris- 
ing at least one additional ferrule having at least one 

40 hole therethrough, wherein said hole of said at least 
one additional ferrule has an alignment member 
bonded therein and protruding therefrom so as to 
be adapted to align said apparatus to a further de- 
vice to which said apparatus is coupled. 

45 

18. The invention as defined in claim 1 further compris- 
ing at least one additional ferrule having at least one 
hole therethrough, wherein said hole of said at least 
one additional ferrule is adapted to receive an align- 

so ment member whereby said apparatus is aligned to 
a further device to which said apparatus is coupled. 
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